Introduction
STEP-NC is an enhancement of STEP technology. Pioneer of this study started when WZL of Aachen University investigated 3D milling on STEP. The project name was OPTIMAL (ESPRIT III 8643) [1] . They extended the study to 2.5 (prismatic) milling and other operations like turning and Electronic Discharge Machining (EDM) from previous studies on European Project (ESPRIT IV 29708) which is STEP-NC [1] . The STEP-NC project has gained worldwide consensus, and was promoted to international IMS (Intelligent Manufacturing Systems) consisting of Europe, USA, Korea and Switzerland from 2002 until today. With unpredictable change to market environment, there are demands to make CNC system to be interoperable, agile, adaptable, reconfigurable and sharable widely around the world and STEP-NC is believed to be its remedy [2] [3] [4] . The data transfer issues is the most important reason why STEP-NC is developed. STEP-NC means a new interface language for data exchange between CAM and CNC system. STEP-NC is also known as ISO 14649 which is an international standard specifying the data model for STEP-NC. It specifies information content and semantics for various manufacturing process and resources including cutting tools and machine tools [1] . The basic concept of STEP-NC is it enables a product model database to serve as direct input to a CNC machine tool. STEP-NC standardizes how information about CNC machining can be added to parts representation in the STEP-NC product model. GEN-M is non-commercial computer software's prototype which is able to generate STEP-NC program for Annex F (Example 1) in ISO 14649 Part 11 as Figure 1 [5] . The main purpose of GEN-M is to generate code for milling operations. However it will be developed in a few stages and this paper is presenting drilling operations. The software development was using Visual Basic 2010 Pro (VB.NET 2010) as Graphic User Interface (GUI) tool. First the function and the purpose of GEN-M is identified. After that the GUI is sketched and designed using VB.NET. Then related code was written according to its function. The coding was tested and if errors exist the coding and design are restructured again.
Development of GEN-M
This software has twelve (12) windows to build a functional GEN-M which are windows which are GEN-M Main window, Project parent window, New Project child window, What Is Drilling child window, Drill: Size And Parameter child window a, Drilling Type Strategy child window, Drill: Milling Cutting Tool child window, Milling Machine Function child window, Milling Technology child window, Emailing window, About window and Website window. To start creating new project, users have to check the STEP-NC checkbox in Main window to select the file format and preview it in STEP-NC CODING textbox. In Figure 2 shows that users fill the HEADER section with file description, file name, date of document created, author, organization and file format. Milling Machine Function checkbox and the window of Milling Machine Function will appear. The final task to be done is to fill the milling technology information. For each window users may leave the blue label item empty as it is an optional value for machining data. 
Software Verification
GEN-M has successfully generated STEP-NC program for drilling. Therefore as verification, the generated STEP-NC program by GEN-M was compared to STEP-NC program in ISO 14646. Data of drilling was extracted from selected case study. Comparison that has been made rendered on similarity and reason of differences in coding. Table 1 until Table 6 shows the coding that varies from Applied Mechanics and Materials Vol. 159 269 coding inside ISO 14646. For Table 1 where the coding is for entity project which is the top level of the executables. The difference is as the highlighted items. The code is meant for date which is optional value. In this case, the date is inserted so the data appear in the coding from GEN-M software. Table 2 is the workplan. In GEN-M coding it only shows #11 because of currently GEN-M is capable to generate STEP-NC coding for drilling only. Therefore only #11 listed whiles other entities are ignored. Table 3 is coding for entity workpiece which only #20 was listed because GEN-M is designed to generate drilling process. The variation is because the optional value is not inserted in the coding. It goes same for coding in Table 4 , 5 and 6 where the difference are because of the optional value were not inserted. Other coding from GEN-M and ISO 14649 is similar that shows there are no differences. From the verification shows that GEN-M is capable to generate STEP-NC program for drilling as most of coding is same with ISO 14649 that listed for drilling. .000,$,.F.,.F.,.F.,$); GEN-M #45=MILLING_TECHNOLOGY ($,.TCP.,$,$,$,.T.,.T.,.T.,$);
Summary
The main contribution of this research is new software is developed. After STEP-NC is introduced researchers are striving to implement the data model that is provided in the standard to meet the machining requirement on CAD, CAM and CNC system. For CAM system that is compliance to STEP-NC, codes inside the standard should be able to be generated. In this research, GEN-M software is able to generate STEP-NC program for drilling with respect to case study Annex F (Example 1) in ISO 14649 Part 11. Its name is GEN-M where GEN-M is the abbreviation for STEP-NC codes generator for milling. Certainly, there are various researches regarding STEP-NC. From the literature review, it can be clearly seen that applications such as PROSFP, SCSTO, G2STEP, STEPcNC and ABCAM has been developed [6] [7] [8] [9] [10] . Although GEN-M capability is for drilling process, however GEN-M has more interactive features with specific functions as 1) Launch default CAD software to view part if any, 2) Send email of generated STEP-NC program, 3) Launch website to dig for some information regarding STEP-NC, 4) Save generate STEP-NC program into text file and 5) Print the generated STEP-NC program. GUI for GEN-M is unique and different from other software although there is software with similar purpose but GEN-M can be a variety of CAM
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Advanced Manufacturing Technology and Systems software that compliant to STEP-NC that available. This research is a stepping stone for the next advance research where more capabilities to generate codes for more features for milling as this software named for GEN-M. From the day of ISO 14649 has been established, this research field is evolving, however it still cannot be fully implemented as most of research is only circling around the example inside ISO 14649 and manufacturer still not eager to get involve as they reluctant to study and take this new technology as alternative to manufacturing environment due to time and cost factor. The path of commercialize STEP-NC seem to be a long run, requires more fundamental research and fields trial. In particular, there are few extended studies can be carried as the following list:
i. This research takes Annex F (Example 1) in ISO 14649 Part 11 as a case which the toolpath generates from GEN-M is only drilling. For extended research work, another example can be considered as a case study. The software application can be improved to be able to generate more machining features. ii. A simple milling STEP-NC native controller can be design and built. By doing this the usage of software application that has been develop can be validated with the implementing code that generate can produce part. However deeper understanding of tool and devices that related is needed in order to make GEN-M is compliant with the controller.
